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Mathematics' is a key area in the eddcational curriculum. -

’

Mathematical competence is a neéessity for persons who wish to function '

.
.

effectively in aur increasingly tethnological gociety. Mathematics has .
. - e %

been identified as fulfilling a gatekeeping or filteriﬂg function

because of its'importénce in many careers (Sells, 1973; Burton, 1979). / ’
i} h ‘ * .

Sex differences in mathematical experiences both in and out of school,
- ‘. P
. . § - , S A .
math anxiefy and sex rolé stereotyping of mathematics as a male domain
N . /. . Vv ' -
- . L o

have frequently been cited as factors in mathfavoidance for women

.

(Fennema and Shgrman, 1977). Fox (197@) pointed out that. -
Although anxiety about mathematics may not in every T Sy
case be a direct result of sex-role socialization - - .
donflicts, it is likely that the sex-typing of O '

mathematils as a male domain by parents, teachers -
and peers results in the acceptance of math anxiety

in females as inevitable or irrelevent to their,
deye]opment. (p. 45) ) : / X

/

-
‘

L Math anxiety can begi; as early as the elementary schoel years..’

Donady, Kogelman and Tobias (1976) found evidence of this pheqoménon in

women's reports during counseling sessions. Teachers' attitudes, )

. . ' A
- -~
v
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classroom activities, and sex role stereotyping in materials have adl
o -

. served to reinforceathe perception of mathematics as a male domain

.-

(Brophy & Good, 1270; Fennema, 1980). The need for teachers who are

~

free’of math anxiety and therefore able to help their students to enjoy

L4

and to continue to study mathematics has been podinted out (Donady and

Tobias, }977). In order to foster students'

mathematics skill develop-

’ , R .
ment and positive attitudes, teachers need to perceive mathematics as

equally important and useful for both girls and boys (Skypek, 1980).
a -7 3 »

Teacher Fducation and Mathematics (TEAM) , a two-year project,
. . .

funded by WEEA was Jesigﬁed to senkitize prospective elementary school *

Y .

teachers to the importance of mathematics for ull students by.developing,
. - . . o

Y

v .
* A N
a model program and 1nstructiona13naterials. These materials were !

(N

designed to reduce teacher education students' mathematics anxiet ;y to,
g . . . y B

4 , . . ‘
increase their perception of mathematics as a female domain and to .

o A .

devéelop their skills in identifyimg sex Pias in mathematics curriculum
- - s - . .

.

{ - - :
materials and teacher-pupil interaction in the classroom. (Within a

teacher education program they can be used most advantageously before

students take their course in mathematics curriculum and methods.) * This
AT Y : - .

paper deals with the formative evaluation strategies.used during the

Al

TEAM project, . > .

N

TEAM Program and Materials ' o

Tnstructional strategies were designed by Dr. Claire Newman,

. . .o
Bt

.

Mathematics Educator and by the author, with the collaboration of the

TEAM staff,”both to foster positive .attitudes toward math and to develop

mathematical knowledge and skills through integrated cognitive and °

affective learning experiences. The inverse relationship between math
A}

s '

’ ' - . € .
anxiety.and math knowledg® Teporfed in the literature (Aiken, 1970 and

- .
» '
. As .

- .
¢ ' ' J f




O

ERIC

Aruitoxt provided by Eic:

-ty

¥

* with the§individuafﬁ§}own math experiences, math myths which can serve

ing ‘sex bias in curriculum materials and classroom practices. Women,

v ’

Z
i

1976; Richardson and Suinn, 1972 and 1973) provided the rationale for

) ’

© ) -
the program's stress on mathematical competence as well as confidence. ’
14 B

,Four mathematics modules were developed, each of which consists of
! ¢

an Instructor's Text, Student Mater;a1§, Exercises, Solutions and Guide

- ' o rd [N ‘ ¢

to Student Exercises, and Sfudent Summary and Review. The Instructor's

P fer ‘e
Text provides direction on what an instructor may do, suggests how

.-

’

instruction may be carried out and providest commentary which includes

-, '

explanations, instructional oBtions, attitudinal interventions and .

organizational ideas. The mathematics npodules titles are: Patterns, (

7.
-

Agﬂfoximation and Estimation, Metric Measurefent and Choice and Chance.

. . ; : S

- ‘ ’.

Modules designed to deal with students' attitudes consist ¢f an - <

Instructor's Text and Student Materials. Demystifying Mathematics deals

lb ©
B

’

as learning barriers, and math in daily life uses. Sex Role

Stereotyping in Mathematics Education provides expériencei in identify-
' ALl

’

.

Eé}hematics and Careers provides opportunities for students to consider

L} ° '

/L . . ¢
the role of mathcmatigp'in careers and to devise experiences for chil-

1] t . /
! . % ‘ '
dren to alert them to mathematics'‘role in careers. Women as

- . ;’

Mathematdcians introduces and describes women who have made signifdcant

contributions to mathematics.

+
An Instructor's Handbook outlineéfthe structure and purposes of the
53 ¢ ' .

ihstructional material. It includes: User's Guide, Introduction (to

the problem of mathematics attitudes), Purposes and Strategies, lLearning

Environment, Attitudinal Interventions énd'Bib]iograph}es.

» ]

TEAM. materials were used first at Queens College in two sections of

.

a mathematics course (N = 44) during one semester of the first year. In

¢




h - 2/ . ' , '

. the second year, some or all of the modules were used in courses in five

settings. The fall cldsses were labelled TEAM II (N = 34) and the

spring class TEAM TII (N = 29).

Formative Evaluation Plan q

. Lo
Since TEAM was essentially a.program an% materials development

»
~ project, it was necessary that the formative evaluation design assess
the degtee to which the products were, or were showing promise of,

. ' serving the project's goals. The formative evaluation focused on:
* 19
. documenting the uses of materials at each stage of theis development,
. . 2 -
assessing students' responses to the materials, collecting judgments of

. @ »

material's from a panel of experts, and collecting reactions and sug-

. ) . »

gestions from instructors who used the materials. .
'\ A

General Procedures > . .

- ‘-—'7-.—‘._—{‘-#_-__—’ "
> The evaluation/revision process was viewed as an fhteraftive one,
, : ) - N ) ‘. . . A~ “
with evaluation staff interacting with program staff to clarify major
N { y J

pointshbf’emphasi§ in student objectives and teaching activities, and
o‘ - s * N {.
revising the,Fvaluhtﬁon data collection instruments to reflect these

. S, . . i N . .
goals.  Blenor Rubin Denker, who served as TEAM's Evaluation Associate

provided feedback duickly to the staff on all data collected so that™ 1T

could be considered;in planning subfequent instructional sessions.

Instruments - -
EILAT ALt . \

, ‘ Data gathering procedures were devised to serve specific project

needs. TIn the fiyst year of the pfdject; during 'the initial materials
1} .

.

. 'development, a Rating Scale for Modules was devi;ed which was used by

i

consultants in their appraisal of the draft modules. This 13 item scale
. . 1

-
¢

included ratings on the materials' usefulness, appro riateness for,
8 PPIOp o LG ‘

.
AN

teacher education students, clarity, comprehensiveness, length, etc.

¢ 1
.

i e
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Rat ings were made on a 5-point scale, ranging from "highly satisfactory"

A ‘ to "needs major revision.” Thesl’ratings provided the basis for re-

* h

visions and a second draft of the sample modules.

A Background Questionnaire which dealt with student's high school,
and college mathématics course history, perceptions of family attitudes

v

toward mathematics, ratings of mathematics achievement, attributions of

-

_ selected mathematics course grade§ and current feelings about studying
. . . ;
. mathematics was devised and piloted during the first Semester of the

project, and used in tﬁe second semester. Student responses to, this

- *

. questionnaire provided 4 profile’ of thegteacher education students and
finally of TEAM,students which the instructors used in developing plans-

for specific learning experiences and class sessions:
L - A

During the secont half of the first year, when the first group of

.’ students were entolled in the TEAM course, an Tnitial Structured,
-y

Interview was devised which contained-a wide range of items of concern

to the project, i.e. students' current feelings about mathematics, their
“~—p

mathematics learning history and details of any difficulties they had

encountered and who had helped them with their difficulty, their’ petcep-
tion of their family's interest in mathematics study, their dnticipation
1 .

of their feelings about studying mathematics currently and what they

expected and wanted to get from the TEAM

helped the staff to understand students' needs and starting points in
N . . ‘ .

the program. Until these data were available, specific needs of the

f
/

TEAM students were unclear sq/projections and ﬁlans couid‘ye made only

program. These interview data

.

..

on the basis of the staff's gxperiences with former students.
. - ,

An End of Semester Que tionnaire, using a critical incident ap-"

proach, asked what the besY and worst things about the TEAM course were

1

e 6

s . s 7R
N . . . :

"

ok
RN
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. , . Ty
- and asked students to identify fgctbrs to whid[ﬁﬁey would attribute a

‘ , 7, \ .
. good And a poor math grade. An End of Semester Toterview dealt #ith
. ; ' ) ¥

[}

\\ each student's description-of her currenf math attitudes, current rating
- ’ . ) . ry . . N

of math anxiety, changes (if any) in attitudes toward math, rcactions ko
. \ R

mathpmatical situations and_any changes noted in the

je "

y a student

notilced math in daily life, yeanalysis bf persahal math:@istory to éﬁare

B
“ b

any new understandings developed about dnfiueﬁces on étFitudes, per-
cep%ions of Geachérs' influence op girls: méthematicél's;lf—confidence;
feelings about Fhe way femélesfare porfr;yeé in math texts, anticipat;d
feelings about teaching math, fgelfngs‘about being iﬁ an éxperimen;al

’ course, anq.recomménd;lions fo; the‘TEAM‘cburse. While these data’
fulfilled the function of assessing the eff;cts of the }ro&ram and ’

.

matefials von the first g}oup of students; thiey served to provide feed-

Hack to the staff about which areas were satisfactory and which needed

- . . A :
modificatidon. - - ‘ . ‘
‘ ' - , S
. A Rgtiggﬂﬁcale for €lass Sessions was developed and revised to
- T ST S e s e e, T T m— . 1 3 .

AY
.

provide ratings of, math content (i.e. Interesting, useful, new to you,

_* understandable, frightening, hard) and ratings of the general atmosphere

9

of the class (i.e. helpful, reassuring and enjéyable). Students'

-

commnents were also requested in the form. This s¢ale vwas used at the

-
v

end of the orientation sessien and after classes 3, 6, and 12,

Y -

' . 4 <
; During the second year or field trial-.stage, two questionnaires
k]
el .
were developed in parallel form and used as ‘a pre-~ and post-semester
]

-

instrument to replace the intexviews and questionnaires used ip the ™

.

first year. Since the materials were now to be used by teams other than

the developers in settings in which the cost benefits of activities were

e . A ’,

" K ..I v . o
ERIC T ‘ '
' m-\" . .
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- -

important for the new users, it was important to provide procedures that

\

would be useful and not exceﬁsively_costly in faculty time and effort.

. - \

The rating scale for classés which had been used in the first year

. [}

'was maintained as the instrument to gather students' responses to their
. . % 1

class experience.- - - ’ . .
. . .

Another data source in year two were Logs in which students were

4 » 3

>

< . ¢

about math. They were free to write about anything Eﬁey wanted to

asked to write a reaction each week,which emphasized their feelings )

v

discuss or needed to.express. Student Logs were also kept during the:

TEAM ITT classes. Instructors stressed the nonevaluative nature of

these Logs, that is they were not to be considered in assigning a .
. . ¢ \
. .

student's 'grade for the course. - ) ) S i

*\«—/jInstructors' reactions to the materials were sought through post

\ ' + «
.

. session interviews by the persor who was the assigned observer or by a
S

- . -

. stalf member. These interviews included assessments of the materials

f @ used as well as suggestions for modifications.

v

Observations . : - . ) ‘;[“
ottt agidioly . . , ) \
hY

During the first year dr,development stage, observationgl data weré‘ 3’“*‘

co%}ected in class sessions by at least two observers. In general, we
% t .

[y

avéided the problem of inter-observer reliability by assigning one ‘ °

AN

®

. . .
o a task. In some sessions there were obscrvers, each with a

observer

. specific task.® All of these.data were being gathered fox the.purpose’ of
“ . !
, revising the materials before the field trials. o .
[ . . ) ' T LY

A e .
. Participation data wete tabulated, i.e. number of student sp;akers ) :

,‘r . tallied during half-hour intervals, tHroughout the claises. These data . .
were 'gathered because the goal of the project was to create conditions

’
. ¢ v

ERIC
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students would actively participate. Verbal statements were

. .

A used as an indicator of active~participation. £
. ) &

in which

Indications of anxiety were recorded by one observer who moted

* »

behavior such as gigglﬁng, restlessness, whispering, glancing around
etc. and rated the degrec of anxiety on a 4-point scale. - Recognizing

. ‘ . - \ ) A
- that these may also be signs of inattention due to factors %yher than
L] N

anxiety, we dec¢ided tg continue to gather these indicators andpto note N

the content or topics periodically to see if these behaviors varied in

relation to centent. .
v

A Log of each class session noted changes from the proposed math ‘

instrugctional sequence, times, .,stwlents’ questions,or areas of con- A

. 1
. _fusion, additipnal explanations pFovided, additional illustrations used,

ktc.. Statements specifically directéd to students' attitudes and the
behavior or incidents that lead ‘to them were noted along‘with the nature !

7

of the discussion that followed. During the second year of the project, . K
this observation plan was reduced and simplified, One person kept a\iagéig .
v . d

: : vt B
. of the flow of each session and noted’thestapic, activity and class | & 7 )

' structure and anxiety at 10 or 20 hinute intervals, : o ‘e
N . B . '

o7

Findings and “Observations v j . T
While the'Rating Scale for Modules yielded some useful data in that -
. 7 , .o :'L

the degree to which a module wzg satisfactory on the specified,criﬁeria o
s , v . -« » :
r - - A

Ty

o . was indicated, the most useful information came in the comments.and {%‘ .
. . by
suggestions for modification. Discussions with consultants provided the 3
- ‘ ‘ .

v » a !

’ . T
richest source of informd?&on on module modification. The Rating Scale, .

’ N 4

)
and its criteria were useful, perhaps, in directing consqltants' atten-

. ‘ ;}on to features cansidered important by the -deyelopers.

. . . n . N

- ‘ . ] ' . -
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. Interview and Questiomnairedata proved useful in.describing the

-

nature ef the student group. 1In géneral, TEAM students were college
'o- v

juniors who had not taRen mathematics courses since high school, who

reported nega}ive feelings and experiences about mathematics and who

wanted to increase their achievement and konfidenee in working with

) : ) . : X
mathematics, The students who were recruited for the classes were the

-

:ones the project had intended to serve. The variation found in age and

ethnicity in the TEAM student group was considered desirable, since it"

had been the project's intent to develop materials that would be useful

) .~
<

in diverse groups. : N

[N
’

In general, the End of Semestcr-ﬁlestionnaire ahd Tﬁterview.data

provided a ﬁictu%e of gains towaxd the project goai§¢§é.g. 61% of the
o ' ) e o i N
‘group rated themselves ds less math anxious, 78% ihaicé@bdithat their

! i

general attitudes toward math had changed and wereahighiy'posi%;ve (30%)
. L *
‘ i
or somewhat ‘positiye (45%), 93% indicated awareness of sex stereotypling

F '

. 1 )
. N ~ .
in curriculum materials, etc. Student's responses alerted the staff to

. . 7 ' L3
. the~vartous.ways in which students were conceptualizing:-uiid dmmarizing
-“ - . .4 ;

*

éheirAexgeriences. Some people (39%) dealt with confidence i their

ability éo learn math, while others (21%) descriﬁed the classroom
’o L .J
atmosphe;e as supéortivg,'and still other; (19%) focused on their math
achievement. Problem areas were'identified.through the Yariations in
. 6 ) -~/
students'\ercéptisns'of the di¥ficulty of—the»hath content from one

module to another, and in the appropriateness of the math content’ fo#

some individuals. These reactions were considered in preparing the -

L 3 - - P ‘
revisions of the modules ‘for the second year. ) . *
: J _

v -

The observation data dealing with the content and flow of the~/

sessions proved,particu]ariy useful in module revision. Using these

. v . .




. data, some module sections were varied to provide more illustrative
. . .
. materials while others were reduced; more exercise materials that

involved simpler applications of concepts qpre‘inéluded, etc,

iy
.

Participation data showed -that an average of 75% of the students

spoke at leastsonce during eack class session. ’
¥

. s

4

The observations of anxiety indicators turned-up a particularly

’

. . intriguing set of behaviors. Preening was noted during.a highly anxious
’ 'S . " < )
V-4 time when preparation for a quiz was being discussed. At that time,

students were observed taking out hair brushes, nail files, lipstick ' '

1)

” . étc. and grooming themselves during the discussjop. Tt.would almost -

-~

seem as if some of the women in the class were sceking reassurance that

[
>

. they would be ,acceptable in the face of the threatened loés of « »
. . N : -

self=~estcém posed by the quiz.”

.
N

+  Both more frequent and longer students' ratings of the class

.

sessions had been planned than actually occurred. %nitially, each

4 < P
. ’ . Q \
p session was to have been rated, with a longer rating scale, but the : .

.

- . staff §dttled for having each modulé rated .with the revised, simplified

scale descrjBed above. Students were willing to provide the ratingf but _

< ,Ehey commuhicated in subtle.ways that they were more interested in doing ¢

. . .

the class activities than in rating them. And too, the pressure on the ~
- Ty R ‘ .

- . .

N ,; evaluation staff to handle the'quangity of- data was a consideration in
o ) ‘ .. .

. reducing the Pumber of ratings. Ratings showed generally that students
¢ . . ; . '

N - -
, -found the ,sessions satisfactery and found the general atmosphdre sup-

~  .portive. The comments which students 6ﬁfered provided useful data for

. .
.

. Sp¢cifit‘modificafioﬂs that touﬁg be considered by the.staff. Knowing ~

. . i a ~ " . .
. the groups' averages in ratings provided a framework within which such . - -
‘ ) N . B . ‘g - :
- % . -1individual suggestions could beé consideret. \ . N ' .

g — 14 . . .7 - - .

. -3 . .
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During the second year, logs provi<§ii a steady flow of information
" ' N ‘
, on studentg' feelings and reactions, .This device proved'especially

useful as feedback for the class itself. ¢«For example, the tendency

v

which the Logs revealed for students to explain their successes on
\ 0
quizzes as a function'of the quiz's being'ensy rather thin of their

mastery of the materials was described to the class. An interesting

- - E
) ’ *

. discussion of the factors to which the students attributed thei;_sué—

cesses and failures followed. ' The Logs also gave the staff prompt

h .

*‘~*;'<fbedback on the students' reactions to classes, assignments, mathe-~

EE . ° ' . * ” '
matical sftuations anq incidents, etc. Areas that needed staff atten-

tion as well as the degree to which students were ‘facing and dealing
>

with their anxjeties was evident in their statements. .
. _ ’ ~~

“ Issues and Suggestions
T R ~

-
*

! oLt~ T . PR

The complexity of?telling the story of a case, of the descriptive

narrative, has been detailed by Smith (1978). Trying to catch the

’

essence of what was transpiring in the classes was our goal. Oné of the

advantages of the design we used was the inclusion of groups over three

*
- semesters. This moved us beyond some of the limitations of the

. . . - . . ™
< "one-shot case study" and it d¢reated problems in our knowing whether the
. RN .
changes #n groups' responsivenéss were a function of the improvements

’ .

.made, in the materials and piogfhmé or oﬁ“the.diffeyences between the
groups. & - .
L] . vt LN (O
Among the igﬁﬁes that became apparent during the use of the forma- .
', o “ R .

. - « -
.

. tive evaluation strgegies described above was the heavy réliance of our

~ b

data on obsarver's descriptions and participant and consultant ratings.

b

These ratings were limited by the factors or criteria that had been
B N , “ - , .

. * Y

identified for focus and fhe nature of the scales constructed fqr use.

. * =
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While the critaria selected and items constructed were requed logically

' . . , .4 . K 4
to the project's objectives and included factors asually cdhéideqéd%h¥= !
evaluating tu;{iéu]um materials, some.uncertainty remaips about the

- . s ~ )
validity of the ratings. It should be noted,/however,'that while we-

- ~

-

were in' the midst of the.process, we tended to look upon our ratings and
’ :\;’\lr . ‘ ’
observationaliidata as "real" indicators of the phenomena under

y

.consideration. ?Projeqt pre€s," déscrjbed by Smith (1977) was clearly a™

factor in makidg early decisions~about the foci of fhe various 4

. ¢

observations and rating scales. Our Timited resources ,gave rise to»
caution about committing heavily to gy‘ethnographic model. We
. . . .

compromised and selected variables tﬁéi seemed promising. :
: !

’ * , -

@

)

- The presence of numbers of observers in the class sessions presents

1

. v .
particular problems. Tensions were engendered in some of the partici- -

r > : -
pangs despite detailed explanations that the purposes of the obéérvijion

were to assess the materials and the instructor's procedures. While
many of the students were able to forget, or .ignore the’observer'qﬁ

presence, others were not able to do so;.they felt that they were in

some way being studied or watched. It seems reasonable to conclude that

-

* a- class is changed in some ways by the presence of an observation team. o

:

. N . . . » S e
This issue has particular salience since the cUrrent increase of e

ethnographic classroom studies has brought and will continue to bring

’

observers into classes. It may be that the pfychological’nétufe of some

of the classes' content lead to students' increased reactivity to the.

v, I3 . hel
N

3

observers' presence, and that ‘the brief, intense nature of the project

x

didn't permit, for a kind of adaptation to the obseyvers as "just part of

1 oape

the scene" for some people.

»

-
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! . Participant attrition in TFAM was minimal. ,One factor ‘which may

» ‘ ¥

have contributed to this was the students' having volunteered to partic-

k)

ipate. Having the program carfled out' in a class for which students

. were carning credits probably contributed to their cominitment and served

to maintain the group intact. Attrition is a factor of considerable

’ N . ]

-consequence in experimental programs which have Zess structure, .

.

¢ The effects on students of frequent requests for feedback and

-t

.

. “ - 3
. evaluative reactions are unknown. It seems plausible that these re-
- % ' * .

+

quests increased students! self-consciousness. .In some sense they

became both the subjects and objects of study. - While some students =
. ) . o0 .
\ . o
’ responded very well to this and seemed to grow in their ability .to
A

. a K ;
identify and express their feelings, others did not do so. For example,

- on Log entries, some students took a "Dear Diary" approach and were able

b ’

to sense and describe what was happening to them. Otlers, in contrast,
described the real}ties or external features of situations rather than

their feelings or reactions. The Logs apﬁ%ar to yield ukeful data, as ~

- ¥

-well as to provide an interesting growth experience for some people.

Some students seemed amenable to providing descriptions and ratings

while others were much more interested in spending their time in

~
.

activities. ! - .
* ‘ ~ .
' The extent to which profes§imnals can be expected to implement a
' -

program and usegmateria1§ developed by otherssin the recommended manner ' :
seems to depend upon many factors. The aésumption underlying the i
» establishment of field trials for materials is that they will be used in

- ’ the ways in which’the developers intended. It seems more reasonable to ’

assume that strict adherence to a prescribed set of materials and

*, N . t

procedures is not necessarily demanded--rather that instructors can

,

'ERIC.
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\\ . Y v
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. interact with the materials and use them effectively with a, heightened

‘sénsiqivity and awareness of students' needs. Dugring the TEAM trials,

instructors operated with the spirit along with many of the specifics of

e .
- the program, that.is they were modeling an approach which we want the
+

. AR Y -
" _students to take when they become teachers. It is also of interest to K
- T . A

> ‘ .
-

note that the levels of uyse of an innovation (Hall et al., 1975) pIaée e

&efinementu "the user varies the use of, the innovation to incrﬁ%se the

whr . -

’Q' impact ?n clients within the immediate sphere -of ihflu&ﬁbe" at a hf%her

t

. point than routine use, ". . . few if any changes are being made in

8 ! ' \
ongoing use" (p. 54). This emphasizes the value of materials being .

< .
Syt
S .

" used to serve effectively*fhé needs of particular students.

B .
> Nt
.

In .summary, the TFAM formative evaluation design had as its pur-

: - poses the‘documentation t each stage of materials' development,

.

the assessment of student reéponses to the materials, the collection of

>

judgmental responses from external experts and the collecg§§ﬁfof re-
. . ~\a‘§‘:' ]

'
! bt * o
actions and suggestions from instructors who used the miaterials. Issues
~ . ’ - ' .t ) N
raised by these strategies were identified. . .
'y ’ )
. . !
* ‘'~ ) [
. 1]
> o
. s )
e . .
’, v . s
L ’ - . - -~
. ]
+
. ‘ N
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